Introduction
In many countries, the levels of arsenic As in the environment have turned out to be one of concern and many studies have recognized various adverse health effects on populations 1 . In modern days, exposure to sufficiently high concentrations of inorganic As in natural environments such as in water, sediment and soil has proved to be harmful to the organisms 2, 3 . The main pathways of exposure to the human beings include ingestion of drinking water and consumption of foods and to a lesser extent, inhalation of air 4 . Residual damage from the exposures to arsenic has been reported to lead to toxic consequences in the body and these toxic effects in the patient s body may lead to the development of secondary cancers 5, 6 . In view of the global health problems associated in drinking water and its impacts on the society, it is important to prevent the bioavailability of As in humans. The dissolved As compounds are readily absorbed through the gastrointestinal tract after ingestion and distributed in the blood to different organs like liver, brain, kidney and so on, i.e., it affects almost entire organ systems of the body in particular, arsenic induces oxidative DNA damage and lipid peroxidation. A number of studies have shown arsenic-induced formation of reactive oxygen and nitrogen species as well as elevated DNA oxidation. Thus, arsenite 12, 13 .
Reactive oxygen species ROS can cause cell and tissue damage and lipid peroxidation, leading to impaired cellular function and alterations in the physico-chemical properties of cell membranes, which in turn disrupt vital functions 14 .
Medium chain fatty acids are likely to be highly resistant to peroxidation 15, 16 . Antioxidant enzymes provide protection against ROS and, similar to many other biochemical systems, their effectiveness varies with the stage of development and other physiological aspects of the organism 17, 18 .
The most important antioxidant enzymes are superoxide dismutase, catalase and glutathione peroxidase 19 . Thus, the extent of lipid peroxidation is likely to depend in part on both the activity of antioxidant enzymes and the mix of fatty acids present in a target for peroxidation 20 .
In our previous study we observed the antioxidant effect of capric acid rich mustard oil in comparison to mustard oil. Thus the aim of our study is to observe the antioxidative effect of caprylic acid, capric acid and lauric acid rich rice bran oils RBO in comparison to rice bran oil fed to oxidative stress generated rats.
Materials and Methods

Chemicals
Sodium arsenite NaAsO 2 which was chosen as the source of arsenic, was purchased from S.D. Fine-Chem limited, Mumbai, India. All other chemicals used in the experiment were of analytical grade. The dose of Sodium arsenite 10 mg/kg BW was chosen on the basis of the previous studies 12, 21 . The medium chain fatty acids were purchased from Sisco Research Loboratories Pvt. Ltd.
Production of medium chain fatty acid rich RBO
The reaction between caprylic acid, capric acid and lauric acid with rice bran oil was carried out in a packedbed bioreactor. The reactor consisted of a tubular glass column of 10 mm ID and was 50 cm long. It was also provided with a water jacket for temperature control. The immobilised enzyme Rhizomucor mehei packed into the reactor was retained in place by means of a sintered plate. The substrates were fed from the top and the products were collected at the bottom. The substrates were previously blended and well mixed at the reaction temperature before conducting the packed-bed reaction and were poured into the enzyme bed, maintaining a fixed sample head. Water from a constant temperature bath was circulated through the jacket by a peristaltic pump. A partial suction was given to maintain the constant flow rate 0.4 mL/min; optimized in the previous study ; 20 g of enzyme was closely packed into the column by repeated tapping to avoid any air gaps. Transesterification reactions were then carried out by passing the substrate through the column.
The temperature was maintained at the desired value of 60 by passing water through the column jacket. The product mixture was collected at the outlet and the fatty acid composition of the oils was determined by gas chromatography GC .
Chromatographic analysis of oils
Fatty acid compositions of native and medium chain fatty acid-enriched rice bran oil were analysed by GC. The oils were saponified with 0 5 M KOH and methylated with boron trifluoride in methanol. The gas chromatograph Agilent 6890 N; J&W Scientific, Wilmington, DE, USA was fitted with a DB-Wax capillary column 30m 0 32mm 0 25 mm and a flame ionization detector. N 2 , H 2 and airflow rate were maintained at 1, 30 and 300 ml/min, respectively. Inlet and detector temperatures were kept at 250 and the oven temperature was programmed to increase from 150 to 190 at a rate of 15 /min, then to hold for 5 min, and then to increase to 230 at a rate of 48 /min, and then again to hold for 10 min.
Animal Treatment
Adult male albino rats of Wistar strain were housed and given food and water ad libidum. Vitamin A.I.P. 10,000 units, thiamine mononitrate I.P.5 mg, vitamin B.I.P. 5 mg, calcium pantothenate USP 5 mg, niacinamide I.P. 50 mg, ascorbic acid I.P. 400 units, cholecalciferol USP 15 units, menadione I.P-9.1 mg, folic acid I.P -1 mg and vitamin E USP 0.1 mg per kg of diet. The diet was adequate in all nutrients. The animals were divided into ten groups with six rats in each: Group I: vehicle treated control animals, Group II: rats fed with rice bran oil instead of control oil, Group III: rats fed with caprylic acid rich rice bran oil, Group IV: rats fed with capric acid rich rice bran oil, Group V: rats fed with lauric acid rich rice bran oil, Group VI: rats were fed with sodium arsenite 10 mg/kg BW for 14 days, Group VII: rats received rice bran oil along with sodium arsenite 10 mg/kg BW for 14 days, Group VIII: rats received caprylic acid rich rice bran oil along with sodium arsenite 10 mg/kg BW for 14 days, Group IX: rats received capric acid rich rice bran oil along with sodium arsenite 10 mg/kg BW for 14 days, Group X: rats received lauric acid rich rice bran oil along with sodium arsenite 10 mg/kg BW for 14 days; Groundnut oil was used as the vehicle and given to all the groups as the level of 20 of the total diet. At the end of the experiment the feeding of rats was stopped and after 12 h fasting, the rats were anesthetized by chloroform and 5 ml of blood was taken from the heart in heparinized tubes. The plasma was obtained by centrifugation of the blood. The liver, brain and mesentery was removed, rinsed with ice-cold saline, blotted, weighed and stored at 20 until analyzed.
Analysis of plasma lipid concentrations
Total cholesterol, HDL-cholesterol and triglyceride concentrations were determined using enzyme kits supplied by Merck India Limited.
Enzyme assays
Measured amounts of liver and brain were homogenised in phosphate buffer. The samples were then centrifuged and the supernatants were used for the enzyme assay. The activity of catalase CAT was determined spectrometrically by the method of Aebi 22 . Superoxide dismutase SOD activity was assayed by measuring the auto-oxidation of haematoxylin as described by Martin et al. 23 . Glutathione reductase GR was determined by the method of Ellman 24 .
Total activity of glutathione peroxidase GPx was determined in the tissue homogenates and plasma according to Flohe & Gunzler 25 . All enzyme activities are expressed as enzyme units per mg protein. Protein content was determined using the method of Lowry et al. 26 .
Preparation of erythrocyte membranes
All procedures were done at 0-5 typically on ice , and all centrifugations were performed in a Sorvall SS-34 rotor at 15,000 rpm unless specified. Rat red cells and hemoglobin-free ghosts were prepared as described in the literature 10 , except that the hemolysis buffer was 5 mM * NaPi pH 8 , 0.01 mM MgSO 4 , and the membranes were suspended for 10 min in this buffer before each centrifugation to allow hemoglobin to exit fully.
Antioxidant Enzyme Assay of erythrocyte membrane
Measured amounts of erythrocyte membrane were homogenized in phosphate buffer. The samples were then centrifuged and the supernatants were used for enzyme assay. The activity of CAT, SOD, GR and GPx were determined using the same methods described previously.
Products of lipid peroxidation
For lipid peroxide measurement, approximately 1 g of liver or 0 4ml of plasma was placed into a glass centrifuge tube 70 ml for 2 min in a solvent mixture consisting of 10 ml chloroform and 20 ml methanol, and homogenised on ice. Then, 10 ml of chloroform was added and homogenization continued for another 30 s. Finally, 10 ml of redistilled water were added and the mixture was homogenised for 30 s. The tubes were then centrifuged for 20 min at 4000 rpm, and the chloroform layer was separated 27 . Thiobarbituric acidreactive substances were measured according to the method described by Schmedes & Hølmer 28 . Malondialdehyde MDA concentration was calculated by taking the extinction coefficient of MDA to be 1.56 10 5 /M cm 29 .
Statistical analysis
All the data are presented as means with their standard errors. Statistical comparisons between groups were performed using one way ANOVA by Tukey test.
Results
Changes in fatty acid composition
Analysis of the medium chain fatty acid rich RBO showed that caprylic acid rich RBO contained 14.00 caprylic acid C8 , capric acid rich RBO contained 13.73 capric acid C10 and lauric acid rich RBO contained 13.11 lauric acid C12 . The fatty acid compositions of the MCFA rich RBOs, are given in Table 1 .
Changes in plasma lipid pro le
Lipid profiles of plasma of different rats fed with different dietary oils are presented in Table 2 . In the absence of added sodium arsenite, plasma total cholesterol, non-HDLcholesterol and triglyceride concentrations were lower in rats fed the MCFA-enriched RBO compared with those fed the native RBO Table 2 . Conversely, HDL-cholesterol concentration was higher in rats fed the MCFA-enriched RBO Table 2 . Adding sodium arsenite to the diet increased plasma total cholesterol, non-HDL-cholesterol and triglyceride concentrations and decreased HDL-cholesterol concentration Table 2 . However, the plasma lipid profile was better when rats received the MCFA-enriched RBO Table 1 Fatty acid composition of native rice bran oil and medium chain fatty acid rice rice bran oils.
Fatty acid Sample
Fatty Acid (% w/w) 
Antioxidant enzyme activities
The same pattern of effect of the diets was seen on antioxidant enzyme activities in both liver and brain Tables 3 and 4 . In the absence of added sodium arsenite, antioxidant enzyme activities were much higher p 0.05 in the liver and brain of rats fed the MCFA-enriched RBO com- pared with those fed the native RBO Tables 3 and 4 . Adding sodium arsenite to the diet decreased the activities of all enzymes, although the effect was not significant in all cases. However, all enzyme activities were higher in liver and brain when rats received the MCFA-enriched RBO plus sodium arsenite compared with those that received the native RBO plus sodium arsenite Tables 3 and 4 . The highest enzyme activities were always seen in the group receiving the caprylic acid-enriched RBO. Interestingly, enzyme activities were often higher in tissues of rats fed the caprylic acid-enriched RBO plus sodium arsenite than in those fed the native RBO.
Changes in antioxidant enzyme activities of erythrocyte membrane
The same pattern of effect of the diets was seen on antioxidant enzyme activities in erythrocyte membrane Table  5 . Adding sodium arsenite to the diet decreased the activities of all enzymes, although the effect was not significant in all cases. However, all enzyme activities were higher in erythrocyte membrane when rats received the MCFA-enriched RBO and groundnut oil plus sodium arsenite compared with those compared the control groundnut oil plus sodium arsenite Table 5 . The highest enzyme activities were always seen in the group receiving caprylic acid rich RBO in higher dose.
Lipid peroxidation
The same pattern of effect of the diets was seen on MDA concentrations in liver, brain and plasma Table 6 . In the absence of added sodium arsenite, MDA concentrations were much lower in tissues and plasma of rats fed the MCFA enriched RBO compared with those fed the native RBO Table 6 . Adding sodium arsenite to the diet increased MDA concentrations. However, MDA concentrations were lower when rats received the MCFA enriched RBO plus sodium arsenite compared with those that received the native RBO plus sodium arsenite Table 5 . The lowest MDA concentrations were always seen in the group receiving the caprylic acid enriched RBO plus sodium arsenite.
Discussion
The purpose of the study was to determine the effect of medium chain fatty acid rich rice bran oil on oxidative stress generated by sodium arsenite in comparison to native rice bran oil. Arsenite is known to enhance the microsomal oxidation capacity of liver cells. This study shows significant decrease in antioxidant enzymes activity by administration of arsenic poisoning in the form of sodium arsenite. Such alteration of oxidative stress markers is suggested to be due overuse failure of the antioxidant defense system secondary to reactive oxygen species production, as evidenced by the study of Ramanathan et al. 11 .
The activities of antioxidant enzymes such as superoxide dismutase, catalase and glutathione peroxidase form the first line of defense against reactive oxygen species 30 . With the administration of sodium arsenite there was a decrease in the activities of the enzymes which proved the generation of oxidative stress. In the present study, the antioxidant enzyme activities were increased with the administration of MCFA rich rice bran oil both in normal and arsenite treated cases. Restoration of activities of these enzymes in the liver and brain tissues with MCFAs may be due to increased intracellular concentration of the non-enzymatic antioxidant GR, whose level was decreased in those tissues by administration of sodium arsenite. GR is one of the body s most important endogeneous antioxidants responsible for free radical scavenging in all cell types. RBO and MCFA rich RBO increased the level of GR in brain and liver tissues. The present study was also designed to examine the levels of erythrocyte antioxidant enzyme activities in normal and arsenite treated groups. Several enzymes have evolved in aerobic cells to overcome the damaging effects of reactive oxygen species ROS . They are significantly used to maintain the redox balance during oxidative stress and are collectively called as endogenous antioxidative enzymes. Superoxide dismutase SOD , glutathione peroxidase GPx , glutathione reductase GR and catalase CAT are the main endogenous enzymatic defense systems of all aerobic cells 17 CAT is a tetrameric heme containing enzyme that is found in all aerobic organisms. Because of its wide distribution, evolutionary conservation and capacity to rapidly degrade hydrogen peroxide, it has been proposed that CAT plays an important role in systems which have evolved to allow organisms to live in aerobic environments. Therefore activity of CAT is one of the important biomarker of oxidative stress. Results showed that antioxidant enzyme activities in erythrocyte membrane were lowest in arsenite treated group due to excessive production of ROS. MCFA rich RBOs increased the enzyme activities thus lowering the oxidative stress induced by sodium arsenite. Caprylic acid rich RBO produces the highest effect against arsenic poisoning. MCFA rich RBOs produced greater effect than RBO.
We also evaluated lipid peroxidation by measuring hepatic levels of malonaldehyde MDA . In agreement with other studies, we observed a significant increase in MDA levels in tissues of arsenic poisoning rats when compared to normal control rats. Both RBO and MCFA rich RBOs produced less increase in lipid peroxidation which indicates that they help in improving antioxidant potential of tissues. Moreover caprylic acid rich RBO produced the best results. RBO produced decreased lipid peroxidation due to its oryzanol content 32 . MCT rich RBO further decreased the lipid peroxidation by reducing the content of PUFA in RBO.
Conclusion
Thus it may be possible that in the in vivo conditions these MCFA rich RBO may have reduced the formation of hydro-peroxides by lowering the formation of free radicals. Therefore it appears that inclusion of MCFA in RBO in diet improves antioxygenic potential and protect against oxidative stress to a reasonable extent.
